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T h e o r e t i c a l  and Experimental Study of F i n i t e  C y l i n d r i c a l  Antennas i n  a 

Plasma Column - C. Y. Ting and B. Rama Rao. 

Ry means of  t h e  Wiener-1Iopf technique,  t h e  r e f l e c t i o n  c o e f f i c i e n t  

of t h e  t r ansmiss ion  cu r ren t  a t  t h e  end of a d i e l e c t r i c - c o a t e d  axtenna 

can be expressed i n  a s i n g l e  i n t e g r a l  form. This  r e s u l t ,  when used w i t h  

t h e  s o l u t i o n  of an i n f i n i t e  d i e l e c t r i c - c o a t e d  c y l i n d r i c a l  antenna,  y i e l d s  

t h e  inpu t  admit tance and t h e  c u r r e n t  d i s t r i b u t i o n  of a long d i e l e c t r i c -  

coated antenna. It is found t h a t  u n l i k e  t h e  l o c u s  of t h e  admit tance of 

a ba re  c y l i n d r i c a l  antenna,  which converges t o  a po in t  as tile antenna g e t s  

l o w e r  and longe r ,  t h e  locus  of t h e  inpu t  admit tance of t h e  d i e l e c t r i c -  

coated antenna becomes a c i r c l e .  Also,  due t o  t!ie r e f l e c t i o n  of t h e  

t r ansmiss ion  c u r r e n t  back and f o r t h  a s t and ing  wave wi th  wavelength equa l  

t o  t h a t  of  t h e  s u r f a c e  wave is formed along t h e  antenna. 

An experimental  s tudy of t h e  plasma-coated antenna i s  i n  p rogres s ,  

It has been found t h a t  t h e  microwave-cavity p e r t u r b a t i o n  method i s  t h e  

b e s t  way t o  measure t h e  e l e c t r o n  d e n s i t y  and t h e  e f f e c t i v e  c o l l i s i o n  

frequencv. The measurement of cirrrent d i s t r i b u t i o n  and input  admittance 

is i n  progress .  

Experimental and T h e o r e t i c a l  I n v e s t i c a t i o n s  on P l a s m a  coated Antennas - 
B. Rama Rao and C. Y. Ting. 

Extensive experimental  measurements have been made t o  determine t h e  

c u r r e x t - d i s t r i b u t i o n  and impe6ance ckaracterist  i cs  of  plasma-coated 

c y l i n d r i c a l  d ipo le  antennas with l e n g t h s  comparable t o  t h c  f r e e  space 

wavelength. lleasurements were made a t  f r equenc ie s  both above and below 

t h e  plasma frequency. When the  e x c i t a t i o n  frequency of  t h e  antenna is 

above t h e  plasma frequency, t he  plasma shea th  appears  t o  reduce t h e  

e l e c t r i c  l eng th  of t h e  antenna, causing t h e  c u r r e n t  d i s t r i b u t i o n  t o  become 

more uniform. The experimental  r e s u l t s  show a "reasonable" degree of 

q u a l i t a t i v e  agreement wi th  t h e  t h e o r e t i c a l  r e s u l t s  obtained by C. Y. Ting 

assuming a lossless cold-plasma model (hydrodynamic approach).  I n  t h e  

v i c i n i t y  and below t h e  plasma frequency, t h e  c u r r e n t  d i s t r i b u t i o n  of t h e  

antenna undergoes a very marked change - t h e  hydrodynamic theo ry  seems 
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unable t o  account f o r  t h i s  phenomenon. 

moment equat ions  o f  t h e  Boltzmann equat ion  ( t o  t a k e  i n t o  account t h e  

temperature  e f f e c t )  seems necessary,  

An a l t e r n a t i v e  a?proach us ing  t h e  

By f a r  t h e  most i n t e r e s t i n g  e f f e c t  no t i ced  was t h e  sha rp  i n c r e a s e  

i n  t h e  input  r e s i s t a n c e  o f  a s h o r t  d i p o l e  antenna as t h e  e l e c t r o n  d e n s i t y  
A 0  

32 i w a s  increased .  The inpu t  impedance o f  a s h o r t  antenna (--) i s  mainly 

c a p a c i t i v e ,  t h e  measured input  r e s i s t a n c e  being only 4 ohms. A s  the 

e l e c t r o n  dens i ty  (d ischarge  c u r r e n t )  w a s  s t e a d i l y  inc reased ,  t h e  inpu t  

r e s i s t a n c e  of t h e  antenna rose s h a r p l y  t o  400n and then f e l l  o f f  t o  

2 0 0 ~  and remained s t eady  t h e r e a f t e r ,  w i th  f u r t h e r  i n c r e a s e  i n  t h e  plasma 

frequency. 

frequency: t h e  resonance l i n e  apprea r s  q u i t e  broad. A s u i t a b l e  t h e o r e t i c a l  

explana t ion  f o r  t h i s  r e s i s t a n c e  peaking i s  being sought by t a k i n g  i n t o  

account t h e  resonances i n  t h e  w a r m  plasma column. Strong resonances i n  t h e  

plasma column could absorb t h e  e l ec t romagne t i c  energy suppl ied  t o  t h e  antenna 

thereby  causing i t s  r a d i a t i o n  r e s i s t a n c e  t o  i n c r e a s e  sharp ly .  

nance l i n e  observed was q u i t e  broad,  i n d i c a t i n g  t h e  p o s s i b i l i t y  of some type  

of c o l l i s i o n l e s s  damping. 

f o r  s tudying  such plasma column resonances i s  being i n v e s t i g a t e d .  

This  "resonance" phenomenon occurs  below t h e  measured plasma 

The reso-  

The p o s s i b i l i t y  o f  using s h o r t  d i p o l e  antennas 

Measurements are now being made t o  s tudy  t h e  e f f e c t  of  t h e  e l e c t r o n  

temperature  i n  t h e  antenna c h a r a c t e r i s t i c s .  

be  m a d e  i n  t h e  v i c i n i t y  of  t he  plasma frequency, where t h e  c o m p r e s s i b i l i t y  

e f f e c t s  of t he  plasma should have t h e i r  maximum impact .  

The experimental  r e s u l t s  w i l l  be r epor t ed  i n  a forthcoming t e c h n i c a l  

These i n v e s t i g a t i o n s  will 

r e p o r t .  

P lasma Sheath I n v e s t i g a t i o n s  Using a Xicrowave Cavi ty  Technique - R.  Rama 

Rao and L. D. S c o t t .  

The c a v i t y  p e r t u r b a t i o n  method has  been widely used as a d i a g n o s t i c  

technique  f o r  s tudying plasma p r o p e r t i e s ,  

depends l a r g e l y  on t h e  assumed e l ec t ron -dens i ty  p r o f i l e  d i s t r i b u t i o n s  

used i n  t h e  c a l c u l a t i o n s .  The p r o f i l e  d i s t r i b u t i o n  commonly used  i n  t h i s  

The accuracy o f  t h i s  method 
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type  of measurement is  t h e  Schottky d i f f u s i o n  p r o f i l e  of t h e  type  
r 

J ( 2 . 4 0 4  -), when r i s  t h e  r a d i u s  o f  t h e  plasma column. Xany i n v e s t i -  
0 P D  P 

g a t o r s  f a i l  t o  r e a l i z e  t h a t  t h i s  t ype  of p r o f i l e  i s  only v a l i d  a t  high 

p r e s s u r e s  when t h e  mean f r e e  pa th  of t h e  e l e c t r o n s  i s  small  compared t o  

t h e  r a d i u s  r of  the plasma column; s u b s t a n t i a l  e r r o r s  can r e s u l t  i f  t h e  

same p r o f i l e  i s  used f o r  measurements at  low pres su res  o r  when t h e  plasma 

column i s  very  t h i n .  

P 

The purpose o f  t h i s  s tudy  i s  t o  use a multi-node c a v i t y  method so  

t h a t  t h e  plasma d iagnos is  can be extended over  a much wider  range of  

p re s su res .  

mental  s tudy  of t h e  plasma shea th  problem - where t h e  r a d i a l  d e n s i t y  

d i s t r i b u t i o n  w i l l  be s t u d i e d  f o r  a wide range of  p re s su res  and e l e c t r o n  

temperatures .  

i t  has  not  been used f o r  t h e  s p e c i f i c  purpose of  d i agnos t i c  and shea th  

i n v e s t i g a t i o n s .  

Subsequently t h i s  method w i l l  he  employed t o  make an exper i -  

A similar  method has  heen suggested by Stewart  4 , but  

To s i m p l i f y  t h e  a n a l y s i s  of  t h e  problem, t h r e e  d i f f e r e n t  p re s su re  

regimes w i l l  be  considered. 

(1) 
ambipolar d i f f u s i o n  type  regime). 

e l e c t r o n  dens i ty  w i t h  bo th  ambipolar d i f f u s i o n  and volume recombination 

High p res su re  regime, (p re s su re  > 1 mm of Hg: mean f r e e  pa th  << r * 

P’ 
The d i f f e r e n t i a l  equat ion f o r  t h e  

taken  i n t o  account may be  wr i t ten  i n  t h e  form 1 

where r 
v = c o e f f i c i e n t  of i o n i z a t i o n ,  and  v a r i a b l e  x = r/rp.  

equat ion  is of t h e  form 

= plasma tube  r a d i u s ,  Da = ambipolar diffusion cons tan t ,  
P 

So lu t ion  t o  t h i s  

Hence i n  t h i s  regime t h e  e l e c t r o n  d e n s i t y  p r o f i l e  i s  of t h e  form 

i 
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l k  n = n - n2x2 + n x . 
s i n c e  t h e  above series i s  r ap id ly  convergent.  

experimental  t echnique  i s  t o  measure t h e  s h i f t  i n  t h e  resonant  frequency 

using t h r e e  d i f f e r e n t  c a v i t y  modes - w i t h  d i f f e r e n t  e l e c t r i c  f i e l d  

d i s t r i b u t i o n s  along t h e  r a d i a l  d i r e c t i o n s .  For t h e  r i g h t  c i r c u l a r  

c y l i n d r i c a l  c a v i t y  used i n  the  experiments t h e  t h r e e  modes chosen were 

Only t h c  f i r s t  t h r e e  terms need be considered 
0 4 

The next s t e p  i n  t h e  

t h e  TM020, TM120, and t h e  TM210. 

vary r e s p e c t i v e l y  as J ( 5 *  52K), J1( 7*016r) , and J2 ( 136r). By measuring 

These have only  EZ components which 

O rP rP rP 
t h e  frequency s h i f t s  of t h e s e  t h r e e  modes, t h e  p r o f i l e  c o e f f i c i e n t s  n 

0’ 

n and n can be  ca l cu la t ed .  n is  t h e  e l e c t r o n  d e n s i t y  a t  t h e  axis o f  

t h e  plasma column. 

TM212 modes. 

using H e l i u m .  

( 2 )  I n  t h i s  

range,  Tonks and Langmuir2 have shown t h a t  t h e  dens i ty  p r o f i l e  can be 

desc r ibed  approximately by t h e  series 

2 4 0 
Addi t iona l  checks were made no t ing  t h e  TM and t h e  

The measurements were made on a hot-cathode d ischarge  tube  
012 

In te rmedia te  p re s su res  - longer  mean f r e e  pa ths  regime. 

2 n = n o ( l  + x + x + ... ) 
This  i s  t r u e  only when t h e  ion gene ra t ion  i s  p ropor t iona l  t o  t h e  e l e c t r o n  

d e n s i t y  . 
(3 )  
equa t ion  f o r  t h i s  use has  been so lved  by J. V. Parker! 

gene ra t ion  i s  p r o p o r t i o n a l  t o  t h e  e l e c t r o n  dens i ty .  The p r o f i l e  d i s t r i b u -  

t i o n  i s  q u i t e  complicated i n  t h i s  regime and can be expressed i n  terms of  

two q u a n t i t i e s :  p 

Very low p res su res  - long mean f r e e  pa ths  regime. The plasma shea th  

when t h e  i o n  

r 
3 n ( r )  r d r  I, 

M P --- 
r: 1; n ( r )  r d r  

and 

2 
fj = -  2 n e  

EokT (rp’Sw) 
2 0  

So f a r  t h e  experimental  i n v e s t i g a t i o n s  have been confined only  t o  t h e  h igh  
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pres su re  regime. 

of t h e  Schot tky type  a t  p re s su res  above 1 mm. 

as  t h e  p re s su re  decreases .  I n v e s t i g a t i o n s  are now being made a t  lower 

They reveal t h a t  t h e  d i s t r i b u t i o n  p r o f i l e  is  approximately 

Agreement i s  poorer  

p re s su res  ranging from 5 0 p  t o  10-3p of Hg. 

A t e c h n i c a l  r e p o r t  on t h i s  problem is  under p repa ra t ion .  A theore-  

t i c a l  s tudy  of t h e  c o l l i s i o n l e s s  plasma shea th  equat ion  f o r  a s p h e r i c a l  

geometry is being at tempted by R a m a  Rao, 

1 "Volume recombination i n  t h e  presence of  ambipolar d i f f u s i o n  i n  a 
gas-discharge plasma", V. I. Solunski  and B. L. Timan, Sovie t  Phys ics  - 
Tech, Phys., Vol 9 ,  No. 2 ,  Aug. 1964, p .  207. 

2 L. Tonks and I. Langmuir, Phys ica l  Review, Vol. 3 4 ,  1929, p .  876. 

3 J. V. Pa rke r ,  Physics  of  F l u i d s ,  Vol. 6, 1963, p. 1657. 

4 "Microwave hleasurements o f  Elec t ron  Densi ty  P r o f i l e s  i n  Plasmas", 
G .  E. S t e w a r t  and Z. A. Kapr ie l l an ,  Phenomenes d ' i o n i s a t i o n  dans l e s  
gaz, ( P a r i s  1963),  Vol. IV, J u l y .  

Transmission Lines  i n  Plasmas.-  W i l l i a m  A. Saxton and Y.  S .  Yeh. 

This  s tudy  concerns the i n t e r a c t i o n  between an open, balanced 

two-wire t ransmiss ion  l i n e  and a s l i g h t l y  ion ized  gaseous plasma. 

a fundamental i n v e s t i g a t i o n  of TEY t ransmiss ion  l i n e  waves through t h e  

p lasma s e v e r a l  pcssiblc a p p l i c a t i o n s  w i l l  he considered, i i ic ludina 

use o f  a t rapsmiss ion  l i n e  i n  plasma d iagnos t i c s  a r d  t h e  f e a s i b i l i t y  o f  

A f t e r  

coupl ing plasma RF n o i s e  d i r e c t l y  t o  such a l i n e  which could s e r v e  as 

a coupling element between the  plasma and a r a d i a t i n g  antenna i n  a 

p e n e t r a t i n g  a i d  device.  

I n  t h e  i n i t i a l  experimental  set-up t h e  t ransmiss ion  I.ine passes 

through t h e  p o s i t i v e  column of a hot-cathode d c  discharge-tube Dlasma 

i n  a d i r e c t i o n  t r a n s v e r s e  t o  t h e  d ischarge .  

t h e  l i n e  experience a continuous v a r i a t i o n  of  e l e c t r o n  dens i ty .  The 

e f f e c t s  o f  va r ious  d e n s i t y  p r o f i l e s  on t h e  t ransmiss ion  and r e f l e c t i o n  

c o e f f i c i e n t s  are being analyzed and solved r igo rous ly  by t h e  i n t e g r a l  

equat ion  method and through numerical  computation. 

TEI! waves propagat ing along 
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I f  one assumes a Ressel-function r a d i a l  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  

10 
w i t h  a plasma frequency w = 900 M1g a t  t h e  c e n t e r  of t h e  tube ,  co r re s -  

ponding t o  an e l e c t r o n  dens i ty  n = In /c.c. ,  t h e  expected phase s h i f t  

a t  w /w = 0.9 would be 24 , where  w i s  t h e  e l ec t romagne t i c  frequency. 

t h e  o t h e r  hand, t h e  commonly used phase i n t e g r a l  method would y i e l d  a 

s h i f t  of 19'. 

Such a t y p i c a l  discrepancy comes mainly from t h e  continuous m u l t i p l e  

r e f l e c t i o n s  i n  t h e  plasma which are no t  n e g l i g i b l e  i f  t h e  v a r i a t i o n  i n  

d e n s i t y  p r o f i l e  is  not gradual  compared t o  t h e  RF wavelength. 

P 
0 o On 

P 

0 A t  w /w = 1, t h e  two a r e  given by 31 and 22' r e s p e c t i v e l y .  
P 

Two baluns have been cons t ruc t ed  t o  f a c i l i t a t e  balanced measurements 

on a s l o t t e d  coax ia l  l i n e .  The e f f e c t s  of t h e  balun j u n c t i o n  are 

determined by Deschamp's method s o  t h a t  t hey  can b e  r ep resen ted  by a 

s c a t t e r i n g  ma t r ix .  S o l u t i o n  of t h e  i n t e g r a l  equat ion provides  ano the r  

s c a t t e r i n g  ma t r ix  f o r  t h e  plasma j u n c t i o n  and completes t h e  d e s c r i p t i o n  

of t h e  experimental  set-up. 

Among t h e  f u r t h e r  s t e p s  i n  t h i s  i n v e s t i g a t i o n  are t h e  assumption o f  

d i f f e r e n t  plasma e l ec t ron -dens i ty  p r o f i l e s  a n 8 A e i r  e f f e c t s  on t h c  

t r ansmiss ion  l i n e  parameters.  A l s o  planned i s  a comparison between 

experimental  and t h e o r e t i c a l  s c a t t e r i n g  m a t r i c e s  and va lues  of phase s h i f t  

and a t t e n u a t i o n  through t h e  discharge.  

Brush-Cathode Discharges - W i l l i a m  A .  Saxton. 

U n t i l  r e c e n t l y  i t  has  been very d i f f i c u l t  t o  produce e l e c t r i c a l l y  

q u i e t  l a b o r a t o r y  plasmas without i n s t a b i l i t i e s  and s t r i a t i o n s .  However, 

t h e  i n i t i a l  work by Persson a t  t h e  Na t iona l  Bureau of Standards on cold- 

cathode "brush" discharges '  unveiled t h e  p o s s i b i l i t y  of gene ra t ing  w e l l -  

behaved and c o n t r o l l a b l e  gaseous plasmas f o r  r e sea rch  work. 

I n  t h e i r  i n i t i a l  forms, brush cathodes c o n s i s t e d  of l a r g e  numbers 

of small diameter m e t a l l i c  need le s ,  s imilar  t o  sewing need le s ,  mounted on 

f l a t  c i r c u l a r  d i sks .  Such a conf igu ra t ion  sealed i n  an i n e r t  gas  d i scha rge  

tube ,  and used i n  conjunct ion wi th  a s i m i l a r  u n i t  a t  a lower e l ec t r i ca l  

p o t e n t i a l ,  w a s  found t o  gene ra t e  a l a r g e  uniform e l e c t r o n  beam wi th  a 

corresponding n e g a t i v e  glow which had a l o n g i t u d i n a l  dimension one o r  two 
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orde r s  o f  magnitude l a y e r  than f o r  a normal hot-  o r  cold-cathode d ischarge .  

This  nega t ive  glow w a s  e s s e n t i a l l y  f i e l d - f r e e  and recombination-dominated, 

making i t  a p r a c t i c a l l y  uniform plasma. 

Although t h e  brush-cathode has c rea t ed  a g r e a t  deal o f  i n t e r e s t  and 

s tudy ,  t h e r e  arc many c o n f l i c t i n g  t h e o r i e s  on t h e  n a t u r e  of its opera t ion .  

I n  a d d i t i o n ,  n o t  enough comparative experimental  d a t a  are a v a i l a b l e  t o  

ana lyse  t h e  c r i t i c a l  parameters i n  brush-cathode cons t ruc t ion ,  no r  t o  

p r e d i c t  and e v a l u a t e  t h e  p r o p e r t i e s  of t h e  plasmas t h a t  i t  produces. 

T h i s  i n v e s t i g a t i o n  is an at tempt  t o  shed some l i g h t  on t h e  brush-cathode 

phenomenon through an organized and d e t a i l e d  experimental  s tudy.  

Three p a i r s  of  brush conf igu ra t ions  have been b u i l t  t o  d a t e  f o r  compari- 

son;  a f o u r t h  p a i r  i s  under cons t ruc t ion .  Each p;ir is  c i r c u l a r  c y l i n d r i -  

c a l  wi th  a nominal diameter  of 2L inches  and l eng ths  varying from 2-3 

inches.  Cathodes i n  one p a i r  c o n s i s t  of  over  1300 1-5/61" s t a i n l e s s - s t e e l  

sewing needles  brazed on a s t a i n l e s s - s t e e l  backpla te .  These cathodes 

w i l l  be  compared t o  so-ca l led  " inverse"  hrush cathodes i n  which ove r  1300 

0.027" ho les  w i l l  b e  du l l ed  1j-f deep i n t o  a s t a i n l e s s - s t e e l  cy l inde r .  A 

t h i r d  p a i r  of  cathodes i s  of  t h e  inverse-brush type  made of Monel a l l o y ,  

but  w i t h  much fewer h o l e s  than t h e  preceding ,  and of  l a r g e r  diameters - 
3 mm diameter  ho le s  uniformly spaced on 5 mm c e n t e r s  d r i i l e d  lLtt deep. 

The f o u r t h  p a i r  c o n s i s t s  of c i r c u l a r  cy l inde r s  w i t h  smooth f l a t  f aces  

4 

5 

16 

a l s o  made of Monel. 

Each pair  of cathodes t r i l l  b e  s t u d i e d  i n  t u r n  using a g l a s s  test 

chamber a t t ached  t o  a vacuum system. The test chamber w i l l  p rovide  

f o r  s e p a r a t i o n s  o f  one t o  s i x  inches  between t h e  two cathodes i n  t h e  d i s -  

charge.  

temperature  measurements i n  t h e  d i scharges .  Three probes w i l l  be  r a d i a l l y  

moveable i n  a d d i t i o n  t o  being r e g u l a r l y  spaced i n  t h c  d ischarge  column so  

t h a t  t h e  e n t i r e  d i scharge  can be  probed. Volt-ampere c h a r a c t e r i s t i c s  of 

t h e  d ischarge  w i l l  a lso be  measured f o r  each d ischarge  condi t ion .  

Five Langmuir probes have been b u i l t  f o r  e l e c t r o n  d e n s i t y  and 

Seve ra l  d i scharge  parameters w i l l  be  considered f o r  each p a i r  of 

cathodes,  inc luding  gas  p re s su re ,  d i scharge  c u r r e n t  and vo l t age ,  e l e c t i o n  

temperature  and dens i ty ,  and c o l l i s i o n  frequency. I n  a d d i t i o n ,  e l e c t r o n  
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dens i ty  p r o f i l e s  w i l l  b e  determined, cathode spacing w i l l  be v a r i e d ,  and 

d i f f e r e n t  types  of  g a s  w i l l  be used. By using an on-l ine real-time com- 

p u t e r  program developed f o r  t h i s  experiment i t  should b e  p o s s i b l e  t o  reduce 

t h e  vast amount of Langmuir-probe d a t a  t h a t  w i l l  be  obta ined  wi th  t h e  

several degrees  of  freedom i n  t h e  experiment.  The r e s u l t s  should be  an 

exhaus t ive  compilat ion of  brush-discharge da ta .  

1 K.B. Persson,  "The Brush  Cathode Plasma - A Well-Behaved Plasma", NBS 
Report 8452, U.S.  Dept. of Commerce, Na t iona l  Bureau of Standards,  
Boulder Labora to r i e s ,  Boulder, Colorado, Sept .  1964. 

Acous t ic  E f f e c t s  i n  P la smas  - W i l l i a m  A. Saxton. 

Fully c a l i b r a t e d  moving armature and s o l i d - d i e l e c t r i c  t r ansduce r s  were 

used t o  d e t e c t  and measure a c o u s t i c  waves i n  t h e  200-2000 c /s  range i n  

an e f f o r t  t o  c o r r e l a t e  sound waves wi th  so-ca l led  t r a v e l l i n g  s t r i a t i o n s  

which o f t e n  occur  i n  g a s  discharges.  Although many d a t a  have been t aken  

thus  f a r  i n  va r ious  l abora to ry  plasmas, no conclus ions  are y e t  poss ib l e .  

Complicating t h e  at tempt  t o  t i e  t h e  e lec t r ica l  and a c o u s t i c a l  e f f e c t s  

t o g e t h e r  i s  t h e  apparent  presence o f  s t and ing  a c o u s t i c  waves i n  t h e  

p a r t i c u l a r  geometr ics  of  the d ischarge  tubes .  

One i n t e r e s t i n g  a p p l i c a t i o n  f o r  t h e  a c o u s t i c  waves which accompany 

t h e  d ischarge  s t r i a t i o n s  is  i n  modulating e lec t romagnet ic  waves which 

impinge on a gaseous plasma column. Recent t h e o r e t i c a l  and exper imenta l  

work i n d i c a t e s  a s i g n i f i c a n t  s c a t t e r i n g  of e lec t romagnet ic  waves pro- 

paga t ing  through a plasma which has  a per iodica l ly-vary ing  e l e c t r o n  d e n s i t y  

t r a n s v e r s e  t o  the d i r e c t i o n  of  propagat ion.  Sucll an e f f e c t  could be  u s e f u l  

i n  varying t h e  lobe  s t r u c t u r e  of  microwave an tennas ,  f o r  example, i f  t h e  

plasma p r o p e r t i e s  were con t ro l l ab le .  

Densi ty  v a r i a t i o n s  which r e s u l t  from moving s t r i a t i o n s  are u s u a l l y  

t ime-variant  and uns tab le .  Another way t o  use t h e  modulation technique  

i s  t o  propagate  sound waves i n t o  a q u i e t  plasma using an a c o u s t i c  t r a n s -  

ducer of t h e  type  developed by Saxton: 

shown t o  produce d e f i n i t e  e l e c t r o n  dens i ty  and co l l i s ion- f requency  

Th i s  p e r t u r b a t i o n  method has  been 

3 v a r i a t i o n s  i n  t h e  p o s i t i v e  column of  a dc d i scha rge  a t  audio-frequencies  
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and does  lend i t s e l f  t o  predicta1)le  and r e l i a b l e  cont ro l  of t h e s e  plasma 

parameters  bo th  i n  ampli tude and frequency. 

ment t o  i n v e s t i g a t e  t h e  EM-wave modulation e f f e c t  has begun and a dis- 

charge tube  has  been completed i n  which i t  w i l l  be p o s s i b i e  t o  s tudy  t h e  

s c a t t e r i n g  of e lec t romagnet ic  waves by plasma a c o u s t i c  waves c r e a t e d  

i n t e r n a l l y  by s t r i a t i o n s ,  e x t e r n a l l y  by t r ansduce r  i n p u t s ,  and by ar t i -  

f i c i a l l y  s t imu la t ed  i o n  acoustic waves. 

Constri iction of an exper i -  

A t h i r d  phase o f  t h i s  work i s  d i r e c t e d  toward an  exper imenta l  s tudy  

of a c o u s t i c  wave ampl i f i ca t ion  i n  gaseous plasmas. 

l a i d  t h e  t h e o r e t i c a l  groundwork f o r  such an i n v e s t i g a t i c n  by showing t h a t ,  

under c e r t a i n  cond i t ions ,  t h e  e l e c t r o n s  i n  a weakly ion ized  plasma h e a t  

t h e  neut ra l -gas  component and e i t h e r  gene ra t e  o r  a m p l i f y a u n d  waves. 

experiment has been designed which should serve t o  exp lo re  t h e  ampl i f i -  

c a t i o n  p o s s i b i l i t y .  

Ingard3 a t  M.I.T. h a s  

An 

Since  t h e  magnitude of  any a c o u s t i c  a m p l i f i c a t i o n  i s  inc reased  by 
2 e n l a r g i n g  t h e  r a t i o  of  e l e c t r o n s  temperature  t o  neut ra l -gas  temperature  

i t  i s  planned t o  immerse p a r t  of  the plasma i n  c ryogenic  surroundings.  

For  t h i s  purpose a U-shaped d ischarge  tube  i s  planned wi th  t h e  bottom p a r t  

of  t h e  "U" immersed i n  l i q u i d  helium. 

used t o  assure freedom from any a c o u s t i c  waves genera ted  by t h e  plasma 

i t s e l f .  Sound waves w i l l  be forced  i n t o  t h e  cryogenfc p o r t i o n  of t h e  

plasma using a moving armature t r ansduce r .  

t h e  cryogeiiic i n t e r a c t i o n  regioi;,  where most cf t he  m p l i f i c a t F c r !  shculd  

t a k e  p l a c e ,  i t  w i l l  be  de tec ted  and measured a t  t h e  o t h e r  end o f  t h e  

U-tube wi th  a s o l i d - d i e l e c t r i c  microphone. A l l  components i n  t h e  discharge-  

t ube  i t s e l f ,  are f u l l y  bakeable  and c o n s i s t e n t  w i t h  proper  vacuum tech-  

n iques .  

A brush  cathode d i scha rge  w i l l  be  

A f t e r  t h e  sound passes  through 

Typica l  cond i t ions  i n  a helium d i scha rge  i n c l u d e  a p r e s s u r e  o f  one 
0 Tor r ,  a n e u t r a l  gas temperature  o f  10 K i n  t h e  cryogenical ly-cooled 

p o r t i o n  of t h e  tube ,  an e l e c t r o n  tempera ture  equal  t o  1000 K ,  and an  e l e c t r o n  
1 d e n s i t y  of 5 x 10" e lec t rons / c . c .  

p rope r  l eng th  and geometry, under t h e s e  cond i t ions  i t  should be  p o s s i b l e  

t o  achieve  ga ins  of a t  l eas t  5-10 db. 

0 

I n  a U-shaped Iy" diameter  t ube  of  t h e  

D i d ?  a rges  w i t h  h i g h e r  e l e c t r o n  
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temperatures ,  such as convent ional  hot-  o r  cold-cathode types ,  should 

y i e l d  s i g n i f i c a n t l y  h ighe r  ga ins .  

1 Saxton, W. A . ,  "Transducers f o r  Exc i t ing  and Detect ing Acoust ic  Waves 
i n  Discharge-Tube Plasmas" ,  J o u r n a l  of t h e  Acoust ical  Soc ie ty  of America, 
Vol. 38, No. 6 ,  Dec. 1965. 

2 Saxton, W.  A . ,  "Exci ta t ion  o f  Acoust ic  Waves i n  Plasmas'; Radio Sc ience ,  
NBS J o u r n a l  of  Research, Vol. 69D, No. 4 ,  Apr i l  1965. 

3 Ingard ,  U . ,  "Acoustic Wave Generat ion and Amp1.ification i n  a Plasma", 
Phys ica l  Review, Vol. 145, No. 1, May 1966, 

T h e o r e t i c a l  S t u d i e s  on an Antenna Immersed i n  a Plasma - A .  T). Wunsch. 

Numerous a t t empt s  a t  ionosphe r i c  exp lo ra t ion  a r e  being made using 

s a t e l l i t e - b o r n e  antennas.  Genera l ly ,  t h e  i n t e n t i o n  i n  such experiments 

i s  t o  determine t h e  c o n s t i t u t i v e  parameters  ( e l e c t r o n  dens i ty ,  magnetic 

f i e l d  s t r e n g t h ,  temperature ,  e t c . )  of thelonosphere through t h e  use o f  

impedavce measurements on t h e  antennas.  

i s  t o  e s t a b l i s h  a theory  r e l a t i n g  t h e s e  impedance measurements t o  t h e  

bnosphe r i c  parameters. 

The purpose o f  t h e  present  r e sea rch  

One aspect of t h e  problem which has  been completed, treats t h e  

ionosphere as a co ld ,  homogeneous, a n i s o t r o p i c  medium. The plasma i s  

cha rac t e r i zed  by a d i e l e c t r i c  t e n s o r ,  and t h e  antenna i s  regarded as a 

s t r i p  of e l e c t r i c  cu r ren t .  The r a d i a t i o n  r e s i s t a n c e  of  t h e  antenna has  

been determined wi th  a cu r ren t  pe rpend icu la r  t o  t h e  magnetic f i e l d  of the 

surrounding medium. A paper  r epor t ing  t h e  r e su l t s  of  t h i s  i n v e s t i g a t i o n  

has  been accepted for p u b l i c a t i o n  by t h e  Canadian Journa l  of Phys ics  

and w i l l  appear s h o r t l y .  

Another a spec t  of t h i s  research  which i s  c l o s e  t o  completion treats 

t h e  plasma as a homogeneous, i s o t r o p i c  medium of  f i n i t e  temperature .  I n  

t h i s  i n v e s t i g a t i o n  express ions  have been obta ined  not  on ly  f o r  t h e  impedance 

of a c y l i n d r i c a l  d ipo le  antenna immersed in  plasma but  a lso f o r  t h e  

d i s t r i b u t i o n  of cu r ren t  a long t h e  antenna. A t  p r e s e n t ,  t h e  v a l i d i t y  of using 

va r ious  s i m p l e ,  assumed cu r ren t  d i s t r i b u t i o n s  as a means f o r  ob ta in ing  

va lues  of t h e  antenna impedance i s  being examined. 



- 11 - 

Coupled Monopoles i n  a Plasma - J .  C. Robertson. 

Extensive t h e o r e t i c a l  and experimental  work has  been completed 

on t h e  p r o p e r t i e s  of p a r a l l e l  coupled monopole antennas i n  a d j s s i p a t i v e  

d i e l e c t r i c  medium. P lans  are i n  progress  t o  i n v e s t i g a t e  exper imenta l ly  

and t h e o r e t i c a l l y  t h e  r e l a t e d  problem of two coupled monopoles immersed 

i n  a plasma, I n  p a r t i c u l a r ,  t h e  d i s t r i b u t i o n s  of  cu r ren t  and charge 

along t h e  antennas and t h e i r  admi t tances  w i l l  be  i n v e s t i g a t e d ,  

The s t a f f  now working on t h i s  g ran t  c o n s i s t s  of P ro fes so r  R.  Rama 

Rao, Pr. W i l l i a m  A. Saxton and t h r e e  par t - t ime s t u d e n t s  C. Y.  Ting, A. D. 
Wunsch, and J .  C. Robertson. 
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